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G(n; p) n p(0 < p < 1)
p 1  p























25 26 27, 28









p p = 0
























































2.6 0 p 1
Fig. 2.6: Regular, small world, random network
2.2.4








2 8 ( )
(power law) v k γ
P(k) k γ (2.7)














Fig. 2.7: Scale-Free network




























L = D A (3.1)










0 a12 a13 a14
a21 0 a23 a24
a31 a32 0 a34

















d1 0 0 0
0 d2 0 0
0 0 d3 0










∑i ai j if i = j
0 if i 6= j
(3.3)
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d1  a12  a13  a14
 a21 d2  a23  a24
 a31  a32 d3  a34












































































λ1 = 0 λi


















xi, (1  i < n)
x1 = x2 =   = xn (3.9)
xi = α1; 1  i  n (3.10)
1, [1;    ;1℄, α
collective decision( )
x˙i = ui; 1  i  n (3.11)
xi 2 R (state) ui 2 R (input) G = (V;E)
G
A = [ai j℄ (neighbors)
Ni ,
 j 2V : ai j 6= 0
	 (3.12)
( ) j i i j
( ) V = f1;    ;ng
E = f(i; j) 2V Vg
G = (V;E) A = [ai j℄
21







;1  i  n (3.13)
xi = α1

















λ2 2 , p1 .
δ = x α1 (3.17)
δ
(3.17)
˙δ = x˙  ˙α1 (3.18)













(3.16) δ 2 λ2(L)
λ2(L) = min
δ?p1; jjδ jj=1




λ2 2 , p1 .
0
L1 = 0 (3.23)
δ ? p1













V (δ ) = δ T δ (3.27)
23
˙V (δ )





˙V (δ ) 2λ2(L)V (δ ) (3.29)
V (δ )
= δ T δ
= jjδ jj2  jjδ (0)jj2e 2λ2(L)
(3.30)


















0  τ  pi=2λn (3.34)
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. (potential function)V (x) (semi-negative
definite) L1 = 0
(potential function)V (x)
















xi(i 2 1;2; : : : ;n) F H
σ
x˙s = F(xs) xs









α = σλi (3.43) [αA;αB℄
73, 74




























;1  i n (3.46)
xi(k+1) = Pxi(k) (3.47)






ε P = exp( εL) (3.46)
P G




tic matrix or Perron matrix) P








































D= diag(d1;d2;    ;dn) nn A di = ∑ j 6=i ai j
68
Random Walk
µi Random Walk ,
28






d(v) i f v 2 N(u)
otherwise
(3.51)
N(u) u 2V d(u) = jN(u)j


























































Q1 = 0 (3.56)
weighted graph( )







;1 i  n (3.57)
29
ai j = 1
jNij =
1







































































SGA,79 IGS,80 SS,81 CHC,82 ER83 MGG 2 Rosenbrock


















(Genetic Algorithm : GA)
















































ω(0  ω  1) (8.2), (5.5)





+(1 ω)hki (0 ω  1) (5.4)
2
λ2,λn Q (5.3) 2












λ2 p(Small World Link Probability)
p = 0






































Q(condition number) Fig. 5.8
47
Fig. 5.7: λn











(condition number 2 )
Fig. 5.9












( p = 0:2)
Fig. 5.10





























xi(0) = i(i = 1;2;    ;n) (6.1)
3
3










xi, (1  i < n)
56
x1 = x2 =   = xn (6.3)
6.2
( p= 0:2)





p = 0:2 2
p = 0:2 6532








2 λ2 Fig. 6.5










Fig. 6.6: condition number
59, 61, 93
















Regular 125 0.0008 6.25 7812.50 1604837
Small World(p = 0.2) 11 0.19 8.88 46.74 6532
Random 8 0.52 10.02 19.26 2393
Random Regular 8 0.58 7.66 13.21 1848
Optimized(2nd eigenvalue) 7 0.76 12.50 16.45 1542

























































(condition number) 100node 907
(condition number) 500node 1443 100node
68
Fig. 6.11: (100node)
















Regular(100node) 25 0.019 6.24 328.42 56093
Optimized(100node) 5 1.14 8.38 7.34 907
Regular(500node) 125 0.0008 6.25 7812.50 1604837











Fig. 6.13 RG SW
ER RR Fig. 6.13











ω(0  ω  1)

















Fig. 6.16 2 µ2
p 2 µ2



















( p = 0:2)























































Q(condition number) Fig. 6.28











Fig. 6.7 2 Fig. 6.17 0
(weighted)
6.5.6
( p = 0:2)
Fig. 6.30 Fig. 6.31 Fig. 6.32 Fig. 6.33
87
Fig. 6.30:























+(1 ω)hki (0 ω  1) (6.7)
L 2 λ2 λn
6.6.2
Fig. 6.20























tree(100node) 51 0.0019 6.10 3100.35 469472
tree(500node) 70 0.00029 7.86 27110.10 4427137
E(ω) = ωλ2 +(1 ω)hki (0 ω < 1) (6.8)























+(1 ω)α (0  ω  1) (6.12)





+(1 ω)α (0 ω  1) (6.14)





+(1 ω)α (0 ω < 1) (6.16)
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6.6.4
E(ω) = ωλ2 +(1 ω)hki (ω = 1) (6.17)















like lollipop(100node) 29 0.0041 17.09 4119.41 218406















































λ1 = 0; λ2 = : : := λn = n (6.22)
µ1
µ1 = 1; µ2 = : : := µn 1 = µn = 0 (6.23)
104
λ1 = 0; λ2 = : : := λn = 1 (6.24)
ω (100node)
105
Fig. 6.48: ( E(ω) = ωQ+(1 ω)hki)
Fig. 6.49: ( E(ω) = ω 1λ2 +(1 ω)hki)
106
Fig. 6.50: ( E(ω) = ωλ2 + (1 ω)hki) E(ω) =




Fig. 6.51: ( E(ω) = ωµ2 +(1 ω)α)
108
Fig. 6.52: ( E(ω) = ω 1µ2 +(1 ω)α)
109
Fig. 6.53: ( E(ω) = ωµ1+(1 ω)α) E(ω) = ω 1µ1 +(1 
ω)α
110
Fig. 6.54: ( E(ω) = ωQ+(1 ω)α)
Fig. 6.55: ( E(ω) = ω 1λ2 +(1 ω)α)
111
Fig. 6.56: ( E(ω) = ωλn +(1 ω)α)
112
Fig. 6.57: ( E(ω) = ωλ2+(1 ω)α) E(ω) =
ω 1λn +(1 ω)α E(ω) = ω
λ2





































< d > (7.1)
λc < d2 >
λc =
< d >
< d2 > (7.2)
λc
SIS SIR 120 S
I R
S I β I
















dt I(t) = βS(t)I(t) δ I(t)
d







dt S(t) = βS(t)I(t)+δ I(t)
d
dt I(t) = βS(t)I(t) δ I(t)
(7.4)
i t pi(t)
p(t) = (p1(t); p2(t); : : :; pN(t))
I
p(t +1) = (βA+(1 δ )I)p(t) (7.5)
λn(A) S = βλn(A)+(1 δ )I
λi(S) = βλi(A)+(1 δ )I(i = 1;2; : : :;N) (7.6)












(i)λn(S)< 1 p(t) 0
(ii)λn(S) = 1 p(t)
(iii)λn(S)> 1 p(t)
(7.7)

























































A = [ai j℄ ,





ω(0 ω  1) (8.2), (8.3)
ω = 0 ω = 1
λn(A), hki




























































( p = 0:2)
































































Regular 125 4 0.25000
Small World(p = 0.2) 11 4.18 0.23923
Random 8 4.57 0.21882
Random Regular 8 4 0.25000
Scale Free 6 11.68 0.08562
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